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Abstract 
Thai jasmine rice samples were collected from the paddy field in the north and northeast of Thailand. After dehulling, the brown 
rice samples were determined for the elemental concentrations by inductively coupled plasma atomic emission spectrometry 
(ICP-AES) and instrumental neutron activation analysis (INAA). The concentrations of Ca, K, Mg, and P were determined by 
ICP-AES and the concentrations of Fe, Mn, and Zn were analyzed by INAA. The ICP-AES and INAA methods were validated 
by certified reference materials. The results showed that the methods are reliable to analyze the elemental concentrations in rice 
samples. The order of the mean concentration of elements was P > K > Mg > Ca >Mn > Zn > Fe. The concentrations of elements 
ranged from 3,024-3,830 mg kg-1 P, 1,404-1,927 mg kg-1 K, 980-1,284 mg kg-1 Mg, 72-128 mg kg-1 Ca, 21.9-43.8 mg kg-1 Mn, 
22.5-32.7 mg kg-1 Zn, and 5.10-9.75 mg kg-1 Fe. 
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1. Introduction 
Rice is a diet staple in Thailand. From varieties of rice were planted in Thailand, Thai jasmine rice or Hom Mali 
rice (Oryza sativa L.) is well known for Thai rice and worldwide. However, there are not much data about the 
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concentrations of elements in Thai jasmine rice. Generally, white rice is the diet of various peoples including Thai, 
Japanese and Korean. Nowadays, the consumption of brown rice is increasing in Thailand because of its benefit to 
human health such as anti-cancer, anti-diabetes and anti-cholesterol activities [1]. Brown rice contains more nutrient 
components such as protein, amino acids, vitamins, dietary fibers and minerals than the ordinary white rice [2]-[5]. 
The concentration of elements in the brown rice is valuable information for the database of Thai rice and for human 
dietary intake.  
The concentrations of elements in rice samples were investigated by various techniques such as graphite furnace 
atomic absorption spectrometry (GFAAS) [1], [6]-[7], instrumental neutron activation analysis (INAA) [1], 
inductively coupled plasma atomic emission spectrometry (ICP-AES) [6], [8] and inductively coupled plasma mass 
spectrometry (ICP-MS) [9]-[10]. ICP-AES is a useful technique with the advantage of simultaneous determination of 
multi-element, wide linear range and rapid analysis. INAA is a suitable method for determination of various 
elements with the advantage of a non-destructive method. 
In the present research, the elemental concentrations in Thai jasmine rice samples were studied to obtain the 
nutrient database for food ingestion in Thailand. The rice samples were collected from the paddy fields in the north 
and northeast of Thailand. ICP-AES was used to determine the concentrations of Ca, K, Mg, and P. The contents of 
Fe, Mn, and Zn were analyzed by INAA. 
2. Material and method 
2.1 Reagents and standards 
 
All the chemical reagents used were analytical grade. Water (>18 M:) was used throughout this work. The 
standard solutions were purchased from AccuStandard, Inc. The certified reference materials used to check the 
method were rice Àour (NIST 1568a; National Institute of Standards and Technology, USA) and marine sediment 
(NMIJ7302-a; National Metrology Institute of Japan). 
 
2.2 Sample collection and preparation 
 
Jasmine rice samples were collected from three provinces in the north (Chiang Rai, Phayao and Lampang) and 
three provinces in the northeast (Surin, Ubon Ratchathani, and Roi Et) of Thailand. Five samples were collected in 
each province. All samples were dried in an electric oven at 60 ± 2 qC for 4 hours.  After that, samples were ground 
into fine particles using a high speed blender (1093 Cyclotec Sample Mill, Sweden). The grinding step was repeated 
until fine particles passed completely through a sieve No.60 mesh. The rice powders were dried again in an oven at 
50-60qC until constant weight, kept in polyethylene containers and stored in a desiccator until elemental analysis. 
 
2.3 Elemental analysis 
 
2.3.1 Inductively coupled plasma atomic emission spectrometry (ICP-AES) 
 
All dry samples (0.5 g) were digested with 65% HNO3 and 48% HF using sealed Teflon vessels on a hot plate. 
After digestion, the samples were evaporated to dryness and the residues were dissolved in 65% HNO3 and 40% 
H2O2. After dryness, the residues were dissolved and diluted to 10 mL with 4% HNO3. Finally, the proper 
concentrations of dissolution samples were determined by ICP-AES (Optima 5300DV, Perkin Elmer, USA). Sample 
digestions were done in triplicate. The ICP-AES operating parameters for all elements are shown in Table 1. 
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Table 1. ICP-AES operating parameters. 
Parameter Condition 
RF power 1,300 watts 
Nebulizer flow rate 0.8 L min-1 
Auxiliary gas flow rate 0.2 L min-1 
Plasma gas flow rate 15 L min-1 
Sample uptake rate 1.5 mL min-1 
 
 
2.3.2 Instrumental neutron activation analysis (INAA) 
 
Packing sample for analysis, three replicates with sample weights 50-70 mg were sealed in clean polyethylene 
bags for irradiation. These containers were re-packed into polyethylene container for medium irradiation and in 
aluminum cans for long irradiation.  
Samples were irradiated in an open pool type Thai Research Reactor (TRR-1/M1) at the Thailand Institute of 
Nuclear Technology (TINT), Bangkok. The concentration of each element was obtained by comparison with the 
certi¿ed reference materials (Rice Àour, NIST 1568a) and marine sediment (NMIJ7302-a). The experimental 
conditions for elemental analysis are as follows: 
x Medium irradiation for medium half-life radionuclide (Mn):  Each  sample  was  irradiated  for  12 h  at 
epithermal  neutron  Àux  of 1.8 x 109 n cm-2 s-1  and  decay time for 12 h. 
x Long irradiation for medium half-life radionuclide (Fe and Zn): Each sample was irradiated for 36 h at a 
thermal neutron Àux of 3.4 x 1011 to 5.6 x 1011 n cm-2 s-1 and decay time for 2 weeks. 
After appropriate decay time, the elemental concentrations were analyzed by gamma spectrometry 
(EG&ORTEC, USA) using a high purity germanium (HPGe) detector with relative efficiency of 60% and resolution 
of 1.95 keV at1.33 MeV of 60Co energy peak. The gamma-ray spectra were processed using the Gamma Vision-32 
computer program. The gamma-ray activity of samples was counted using the counting time of 1,800 s for Mn and 
3,600 s for Fe and Zn measurement. 
 
3. Results and discussion 
3.1 Validation of analytical method  
 
In order to assess the accuracy of the methods, certified reference materials of rice flour ((NIST 1568a) and 
marine sediment (NMIJ7302-a) were analyzed, the obtained results compared with the certified value and the 
relative error was calculated. Good agreements between the certified and measured values were observed for 
certified reference materials (see Table 2). Precisions calculated using four independent runs of rice flour and 
marine sediment (NMIJ7302-a) were better than 5% relative standard deviation (RSD) for all elements determined 
by ICP-AES and INAA. 
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Table 2. Analytical results of reference materials obtained by ICP-AES and INAA in comparison with the certified values. 
Elements Observed Value a 
(mg kg-1) 
Certified Value 
(mg kg-1) 
%Error 
ICP-AES    
Ca 111 118b 6 
K 1,211 1,280b 11 
Mg 497 560b 5 
P 1,445 1,530b 6 
INAA    
Fe 5.44 5.40c 1 
Mn 19.7 20b 2 
Zn 19.7 19.4b 2 
        a Mean values of four independent runs. 
        b Certified value of rice flour (NIST 1568a). 
       c Certified value of marine sediment (NMIJ7302-a). 
 
 
3.2 Concentration of elements in brown jasmine rice by ICP-AES  
 
Analytical results of elements in thirty brown jasmine rice samples collected from the north and northeast of 
Thailand are shown in Fig. 1 and Table 3. The high concentrations of P, K, Mg and Ca were observed as the 
macronutrients for all studied samples. The concentration of Ca was remarkably lower compared with that of other 
macronutrients in brown rice samples. The order of the mean concentration of element was P > K > Mg > Ca. The 
concentrations of elements varied from 3,024-3,830 mg kg-1 P, 1,404-1,927 mg kg-1 K, 980-1,284 mg kg-1 Mg, and 
72-128 mg kg-1 Ca. The relative standard deviation in the concentration of these elements in brown rice was 7 - 
16%. The highest value of relative standard deviation was observed for Ca.  
In comparison with the elemental concentrations (Ca, K, Mg, and P) in brown rice collected from the north and 
northeast of Thailand, the result showed that no significant difference (t-test; p < 0.05) for all elements was 
observed. The concentrations of these elements were not affected by the regional area. 
 
 
Table 3. Mean and median concentration of elements in brown jasmine rice samples by ICP-AES (mg kg-1). 
Elements Mean Median Minimum Maximum 
Ca 100 101 72 128 
K 1,611 1,566 1,404 1,927 
Mg 1,152 1,145 980 1,284 
P 3,462 3,478 3,024 3,830 
 
 
 
 
 
 
 
 
 
 Wannee Srinuttrakul and Arporn Busamongkol /  Energy Procedia  56 ( 2014 )  85 – 91 89
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Concentration of elements in brown jasmine rice samples collected from (a) the north, and (b) the northeast of Thailand by ICP-AES. 
 
 
3.3 Concentration of elements in brown jasmine rice by INAA 
 
The elemental concentrations in thirty brown jasmine rice samples measured by INAA are presented in Fig. 2. 
The statistic values are summarized in Table 4. The concentrations of Mn, Zn, and Fe were observed as the 
micronutrients for all studied samples. The order of the mean concentration of element was Mn > Zn > Fe. The 
concentration ranges are 21.9-43.8 mg kg-1 Mn, 22.5-32.7 mg kg-1 Zn, and 5.10-9.75 mg kg-1 Fe. The relative 
standard deviation in the concentration of Fe, Mn, and Zn was 15%, 21% and 10%, respectively. 
In comparison with the concentrations of Fe, Mn, and Zn in brown rice collected from the north and northeast of 
Thailand, significant difference (t-test; p < 0.05) of mean concentration for all elements was found. The 
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concentrations of Fe, Mn, and Zn from the northeast were higher than those from the north of Thailand. The 
difference in the concentration of elements within the different regions is attributed to many factors such as the 
mineral composition of the soil, soil type, fertilizer and agricultural chemicals [11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Concentration of elements in brown jasmine rice samples collected from (a) the north, and (b) the northeast of Thailand by INAA. 
 
Table 4. Mean and median concentration of elements in brown jasmine rice samples by INAA (mg kg-1). 
Elements Mean Median Minimum Maximum 
Fe 7.98 8.12 5.10 9.75 
Mn 29.6 28.8 21.9 43.8 
Zn 27.0 26.9  22.5 32.7 
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4. Conclusions 
The concentrations of elements in brown jasmine rice samples collected from the paddy fields in the north and 
northeast of Thailand were investigated using ICP-AES and INAA. The high concentrations of P, K, Mg, and Ca 
and the minor contents of Mn, Zn, and Fe were observed for all brown rice samples. Both methods are reliable to 
analyze the elements in brown jasmine rice sample. 
Analyses for elements have provided much information on the nutrient database of Thai jasmine rice. Further 
studies on other regions of Thailand with other varieties of rice are earnestly desired. 
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